Reactive oxygen species (ROS) has been considered to be an important regulator in the development and pathogenesis of pancreatitis and an activator of the transcription factor, nuclear factor-B (NF-B), regulating inflammatory cytokine gene expression. NF-B activation was demonstrated in cerulein pancreatitis, which rapidly induces an acute, edematous form of pancreatitis. This study aimed to investigate whether cerulein induced ROS generation, lipid peroxide and hydrogen peroxide production, NF-B activation, and expression of cytokines (IL-1␤, IL-6) in pancreatic acinar cells. An additional aim was to establish whether these alterations were inhibited by antioxidants such as glutathione, superoxide dismutase, and catalase and an inhibitor of NF-B activation, pyrrolidine dithiocarbamate (PDTC). To determine the possible interactions of the antioxidants and PDTC with cerulein-induced signaling, Ca 2ϩ signal and amylase release were monitored in the pancreatic acinar cells treated with cerulein in the presence or absence of either the antioxidants or PDTC. The results showed that cerulein generated ROS and increased lipid peroxide and hydrogen peroxide production in the acinar cells, as determined by dichlorofluorescein diacetate dye. This resulted in NF-B activation and the induction of cytokine gene expression in the cells. The cerulein-induced NF-B activation was in parallel to IB␣ degradation. Cerulein also induced Ca 2ϩ signals and amylase release in acinar cells. Both antioxidants (glutathione, superoxide dismutase, catalase) and PDTC inhibited the cerulein-induced, oxidant-mediated alterations but did not affect the cerulein-evoked Ca 2ϩ signals and amylase release in acinar cells. In conclusion, ROS, generated by cerulein, activates NF-B, resulting in the up-regulation of inflammatory cytokine gene expression in acinar cells. NF-B inhibition by scavenging ROS might alleviate the inflammatory response in pancreatic acinar cells by suppressing cytokine gene expression. (Lab Invest 2002, 82:1359 -1368.
I
t has been suggested that reactive oxygen species (ROS) play a role in the pathogenesis of acute pancreatitis (Schoenberg et al, 1990) . Mounting evidences suggest that pancreatic oxidative stress occurs during the early stage of induction (Gough et al, 1990; Nonaka et al, 1990) . Scavenger therapy for ROS has attained some success in experimental pancreatitis models (Nonaka et al, 1991; Sanfey et al, 1985; Wisner et al, 1988) . In human acute pancreatitis, increased levels of lipid peroxidation products in the bile or pancreatic tissue (Guyan et al, 1990; Schoenberg et al, 1988 Schoenberg et al, , 1995a and subnormal levels of antioxidant vitamins in the blood (Schoenberg et al, 1995b; Scott et al, 1993) have been reported. Once produced, ROS can act as a molecular trigger of various inflammatory processes. They can attack the biologic membranes directly, triggering the accumulation of neutrophils (Petrone et al, 1980) and their adherence to the capillary wall (Bjork and Arfors, 1982) . Therefore, it is probable that ROS play a central role in perpetuating pancreatic inflammation and the development of extrapancreatic complications (Guice et al, 1989) .
Nuclear factor-B (NF-B) is a pleiotropic transcription factor regulating the activation of a wide variety of genes that respond to immune or inflammatory signals including cytokine expression (Barnes and Karin, 1997; Wulczyn et al, 1996) . NF-B represents a family of proteins sharing the Rel homology domain, which bind to DNA as homodimers or heterodimers, and activates a multitude of cellular stress-related and early response genes. NF-B is kept silent in the cytoplasm via an interaction with inhibitory proteins of the IB family and is activated by a variety of agents, including cytokines, mitogens, and ROS (Meyer et al, 1993) . Several antioxidants such as N-acetylcysteine (Ho et al, 1999; Schenk et al, 1994) and pyrrolidine dithiocarbamate (PDTC) (Bessho et al, 1994; Blackwell et al, 1996; Schreck et al, 1992) potentially inhibit NF-B activation and/or NF-B interaction with its upstream regulatory binding site, thereby preventing NF-B-mediated transcriptional activation. Stimulated neutrophil-induced NF-B activation was shown to be inhibited by N-acetylcysteine in isolated rat pancreatic acinar cells . These studies reported that antioxidants might inhibit cytokine production by suppressing the oxidant-mediated activation of the transcription factor(s). Recently, the involvement of NF-B activation was proposed in experimental pancreatitis using cerulein, a cholecys-tokinin analog (Gukovsk et al, 1998; Steinle et al, 1999) . Among a number of animal models of experimental pancreatitis that exhibit biochemical, morphologic, and pathophysiologic similarities to various aspects of human pancreatitis, cerulein pancreatitis was shown to be one of the best characterized and widely used experimental models (Gorelick et al, 1993; Willemer et al, 1992) . Doses of cholecystokinin or cerulein beyond those that cause the maximum pancreatic secretion of amylase and lipase Sato et al, 1989) result in pancreatitis, which is characterized by a dysregulation of the production and secretion of digestive enzymes, particularly the inhibition of pancreatic secretion, and an elevation in their serum levels, cytoplasmic vacuolization and the death of acinar cells, edema formation, and an infiltration of inflammatory cells into the pancreas (Gorelick et al, 1993; Lerch and Adler, 1994; Willemer et al, 1992) .
However, the mechanism of cerulein action in pancreatic acinar cells has not been determined. Although the earliest events that trigger acute pancreatitis are unclear, the key events seem to be a premature, intrapancreatic activation of digestive enzyme granules (Rinderknecht, 1993) . The cerulein-evoked increase in intracellular Ca 2ϩ levels is believed to be the main intracellular signal for enzyme and fluid secretion (Kanno, 1998) . One interesting report showed the role of ROS on altering the cytoskeleton function in the pancreas (Jungerman et al, 1995) . This cytoskeletal disruption may induce disturbances in the intracellular transport of digestive enzymes, leading to their premature intracellular activation (Dabrowski et al, 1999) .
This study aimed to investigate pancreatic acinar cells to determine whether cerulein induces ROS generation and, therefore, increases lipid peroxide (LPO) and hydrogen peroxide (H 2 O 2 ) production, NF-B activation, and cytokine expression and whether these alterations are inhibited by antioxidants such as glutathione (GSH), superoxide dismutase (SOD), catalase, and an inhibitor of NF-B activation, PDTC. In addition, both Ca 2ϩ signal and amylase release were monitored in pancreatic acinar cells treated with cerulein in the presence or absence of antioxidants or PDTC to determine the possible interaction of the antioxidants and PDTC with ceruleininduced signaling. Finally, the changes in the IL-6 level in the medium were observed both before and after removing the antioxidants and PDTC from the cells treated with cerulein to determine the reversibility of the inhibitory effects of these antioxidants and PDTC on cerulein-induced IL-6 production.
Results

ROS Generation Using Fluorescence of Acinar Cells Treated with Cerulein
The fluorescent products of the freshly isolated acinar cells (None) were assessed after incubation with dichlorofluorescein (DCF) diacetate (Fig. 1A) . Treatment of the acinar cells with GSH resulted in the distribution of fluorescence from the right to the left (Fig. 1A) .
Cerulein moved the fluorescence distribution of normal cells (None) to the right (Fig. 1B) , which was shifted left after an additional GSH treatment (Fig. 1C) . These results indicate that cerulein generated ROS production in the acinar cells. GSH treatment (10 mM) prevented the cerulein-induced ROS generation in acinar cells.
Concentration and Time Response of Acinar Cells to Cerulein for Cytokine mRNA Expression
After a 3-hour culture, the acinar cells treated with various concentrations of cerulein (10 Ϫ11 to 10
exhibited concentration-dependent mRNA expres- Reactive oxygen species (ROS) generation using the fluorescence of the acinar cells treated with cerulein. The acinar cells were treated without (A) or with (B and C) cerulein at a concentration of 10 Ϫ8 M in the presence or absence of glutathione (GSH) (10 mM) for 30 minutes. ROS generation was detected by the relative fluorescence intensity as a result of the oxidation of the reduced dichlorofluorescein (DCF) in the cells. None ϭ the acinar cells without treatment; GSH ϭ the cells treated with glutathione (GSH) alone; Cerulein ϭ the cells treated with cerulein alone; Cerulein ϩ GSH ϭ the cells treated with cerulein and GSH; DCF ϭ dichlorofluorescein.
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sions of IL-6 and IL-1␤ ( Fig. 2A) . mRNA expression of IL-6 became evident at 10 Ϫ11 M of cerulein, which increased at 10 Ϫ9 and 10 Ϫ8 M cerulein in the acinar cells. IL-1␤ mRNA expression was induced at 10 Ϫ10 M cerulein, which increased at 10 Ϫ8 M and 10 Ϫ7 M of cerulein. Figure 2B shows the time-dependent increase in the mRNA expressions of IL-6 and IL-1␤ in the acinar cells treated with cerulein (10 Ϫ8 M). mRNA expressions of both cytokines were evident at 2 hours and increased after 3 hours.
Productions of LPO and IL-6 in Acinar Cells Treated with Cerulein
Cerulein (10 Ϫ8 M) induced production of LPO and IL-6 in the acinar cells time dependently (Fig. 3) . LPO production occurred in parallel to IL-6 production. The LPO level reflects the oxidative damage of the cells. (Fig. 3A) . The IL-6 levels in the culture medium (pg/ml) from the acinar cells treated with cerulein (10 Ϫ8 M) at the start of the experiment and at 2, 4, 6, 8, and 16 hours of culture were 4.4 Ϯ 0.3, 57.9 Ϯ 0.9, 62.9 Ϯ 1.5, 98.7 Ϯ 2.0, 132.2 Ϯ 1.6, and 262.7 Ϯ 7.3, respectively. The IL-6 levels in the medium from the cells not treated (None) were 4.7 Ϯ 0.2, 9.9 Ϯ 0.4, 9.5 Ϯ 2.5, 9.1 Ϯ 3.8, 15.9 Ϯ 1.2, and 18.4 Ϯ 1.2 at 0, 2, 4, 6, 8, and 16 hours of culture, respectively (Fig. 3B ). These results suggest a possible relationship between ROS generation and the production of inflammatory cytokines such as IL-6 and IL-1␤ in the acinar cells by cerulein treatment. This hypothesis was confirmed by the following experiments investigating the effects of antioxidants on IL-6 production in acinar cells treated with cerulein.
NF-B Activation and IB␣ Degradation by Cerulein in Acinar Cells
To investigate the time response of acinar cells for NF-B activation, acinar cells were cultured for 3 hours with cerulein ( Fig. 4) . Cerulein induced NF-B activation after 30 minutes, which was then reduced to the basal level during the 3-hour culture period. This phenomenon occurred in parallel with the IB␣ degradation observed in acinar cells caused by cerulein after 30 minutes. The IB␣ levels returned to the basal level after 1 hour, which continued for 3 hours.
Effects of Antioxidants and PDTC on H 2 O 2 Production in Acinar Cells Treated with Cerulein
Cerulein (10 Ϫ8 M) increased H 2 O 2 production in acinar cells after a 16-hour culture. The H 2 O 2 level in the medium (nmol/ml) from the acinar cells alone was 0.18 Ϯ 0.06, which increased to 10.89 Ϯ 1.22 after cerulein 
Effects of Antioxidants and PDTC on mRNA Expression and Protein Level of Cytokine in Acinar Cells Treated with Cerulein
As shown in Figure 5 , cerulein (10 Ϫ8 M) induced both IL-1␤ and IL-6 mRNA expression (Control) after a 3-hour culture. The cerulein-induced IL-6 mRNA expression was inhibited by GSH (5 and 10 mM), PDTC (10, 50, and 100 M), SOD (1000 U/ml), and catalase (1000 U/ml). The cerulein-induced IL-1␤ expression was inhibited by GSH (5 and 10 mM), PDTC (50 and 100 M), SOD, and catalase (Fig. 5 ). IL-6 protein production increased in the acinar cells treated with cerulein for 16 hours, which was inhibited by GSH (5 and 10 mM), PDTC (10, 50, and 100 M), SOD, and catalase (Fig. 6 ). IL-6 levels in the culture medium (pg/ml) from the acinar cells alone was 25.4 Ϯ 3.4, which increased to 223.4 Ϯ 15.3 after cerulein treatment. The IL-6 levels from the acinar cells treated with cerulein in the presence of 1, 5, and 10 mM of GSH were 192.1 Ϯ 44.0, 100.5 Ϯ 11.6, and 44.6 Ϯ 6.5, respectively, whereas those from the cells treated with cerulein in the presence of 10, 50, and 100 M of PDTC were 75.9 Ϯ 8.5, 40.2 Ϯ 2.0, and 40.0 Ϯ 8.7, respectively. Each 1000 U/ml of SOD and catalase inhibited the cerulein-induced increase in the IL-6 protein levels (223. 4 Ϯ 15.3) to 46.9 Ϯ 2.1 and 91.5 Ϯ 1.5, respectively.
The Reversibility of the Inhibitory Effects of Antioxidants and PDTC on Cerulein-Induced IL-6 Production in Acinar Cells
To determine the reversibility of the inhibitory effects of the antioxidants and PDTC on the cerulein-induced IL-6 production, the IL-6 level in the medium was measured before and after removing the antioxidants and PDTC from the cells treated with cerulein. As shown in Figure 7 , the inhibitory effects of the antioxidants and PDTC on cerulein-induced IL-6 production were rapidly washed out. After a 16-hour treatment with the antioxidants and PDTC, a potent inhibitory effect on the cerulein-induced IL-6 production was observed. The inhibitory effect of the antioxidants and 
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PDTC was relatively low when the cerulein-treated cells were cultured for 4 hours in the presence of the antioxidants and PDTC and then cultured for a further 12 hours in the absence of the antioxidants and PDTC. After removing the antioxidants and PDTC from the culture medium, IL-6 production was restored in the cells by cerulein.
Effects of Antioxidants and PDTC on Cerulein-Induced NF-B Activation in Acinar Cells
After 30 minutes of stimulation, which was the highest level of cerulein-induced NF-B activation, the increased NF-B levels in the nucleus were reduced by treatment with the antioxidants and PDTC. Relatively large degrees of inhibition on the cerulein-induced NF-B activation was shown after GSH (5 and 10 mM), PDTC (50 and 100 M), SOD, and catalase treatment (Fig. 8) .
Effects of Antioxidants and PDTC on Cerulein-Induced Amylase Release from Acinar Cells
Cerulein induced amylase release time dependently (Fig. 9A) . The amylase levels in the medium (IU/ml) from the acinar cells treated with cerulein at the beginning of the experiments and at 2, 4, 6, 8, and 16 hours of culture were 0.6 Ϯ 0.2, 6.5 Ϯ 0.6, 33.6 Ϯ 6.8, 63.9 Ϯ 3.6, 94.5 Ϯ 5.2, and 101.6 Ϯ 6.5, respectively. Amylase release from the cells without cerulein treatment (None) remained unchanged during the culture period. After 16 hours of culturing, neither the antioxidants nor PDTC affected the cerulein-induced amylase release (Fig. 9B) . evoked an initial peak in the Ca 2ϩ signal and did not induce a further Ca 2ϩ signal (Fig. 10A) . Treatment with both the antioxidants and PDTC did not affect the cerulein-induced Ca 2ϩ signal in the acinar cells (Fig.  10 , B to E).
Effects of Antioxidants and PDTC on
Discussion
The main finding of this study are as follows. (1) Cerulein generates ROS and induces LPO and H 2 O 2 production, NF-B activation, and production of the inflammatory cytokines (IL-1␤, IL-6) in pancreatic acinar cells. (2) Antioxidants such as GSH, SOD, and catalase and an inhibitor of NF-B activation, PDTC, suppressed LPO and H 2 O 2 production and the oxidant-mediated activation of NF-B, thereby decreasing the cytokine gene expression induced by cerulein. However, both antioxidants and PDTC affected neither the cerulein-evoked Ca 2ϩ signal nor the amylase release in the acinar cells. In addition, the inhibitory effects of the antioxidants and PDTC on IL-6 production were reversible. This suggests the involve- Reversibility of the inhibitory effects of the antioxidants and PDTC on cerulein-induced IL-6 production in acinar cells. GSH (10 mM), SOD (1000 U/ml), catalase (1000 U/ml), or PDTC (100 M) were added to the cells for 16, 8, or 4 hours in the presence of cerulein (10 Ϫ8 M). After the 16-hour treatment with drugs in the presence of cerulein, the medium was collected for the IL-6 determination. For the drug treatment in the presence of cerulein for 8 and 4 hours, the cells were exposed to cerulein only (without drugs) and cultured for a further 8 and 12 hours. The total culture period for all the cells was 16 hours in the presence of cerulein, but with a different exposure period to the antioxidants and PDTC. The IL-6 levels were determined in the medium by ELISA. ROS is an important mediator in the initiation and development of pancreatitis (Aho et al, 1982; Okumura et al, 1982; Uys et al, 1973 ). Among the ROS, H 2 O 2 is suggested to be a mediator of oxidant-mediated NF-B activation. A possible step responsible for the oxidative stress is IB phosphorylation (Neurath et al, 1998) . In addition, the polyubiquitination and proteasome degradation process might be sensitive to oxidative stress (Li and Karin, 1999) . Apparently, more studies to determine what steps are affected by the ROS during NF-B activation need to be performed. In this study, ROS generated from cerulein resulted in prompt NF-B activation and increased LPO production. The onset of NF-B activation correlated with IB␣ degradation after 30 minutes of treatment with cerulein. This indicates that IB␣ is responsible for controlling the nuclear translocation of NF-B in the pancreatic acinar cells. These results are in agreement with a report demonstrating that IB␣ and not IB␤ regulates the persistent response of NF-B activation in the pancreas (Steinle et al, 1999) , even though changes in the IB␤ levels in acinar cells after cerulein treatment were not determined in this study. The ROS generated from cerulein seems to be the main contributor to cytokine production in acinar cells by directly activating the oxidant-sensitive transcription factor, NF-B. This study showed that the acinar cells on their own induced mRNA expressions of the cytokines (IL-1␤, IL-6) and IL-6 protein after cerulein treatment. Recent in vivo studies (Heath et al, 1993; Norman et al, 1994) suggest that intrapancreatic IL-1␤, IL-6, and TNF-␣ are rapidly and coordinately increased during the early stages of acute pancreatitis. In the experimental pancreatitis in vivo, the inflammatory cytokines could be produced from the infiltrating inflammatory cells and the pancreatic cells including acinar cells. This study demonstrates the possibility of the direct production of inflammatory cytokines in pancreatic acinar cells by stimulation with secretagogues or during hypersecretion in the pancreas, such as acute pancreatitis.
NF-B belongs to the Rel family of transcription factors that regulate the activation of the cellular stress-related and early-response genes such as cy- tokines, growth factors, adhesion molecules, and acute-phase proteins (Barnes and Karin, 1997; Wulczyn et al, 1996) . The human Rel proteins include p50, p52, Rel (c-Rel), Rel A (p65), and Rel B. The classic form of the activated NF-B is a heterodimer consisting of one p50 and one p65 subunit. Even though the composition of the NF-B activated by cerulein was not classified in this study, the induction of a nuclear translocation of a p50/p65 NF-B heterodimer and a p50 NF-B homodimer was previously identified in pancreatic acinar cells exposed to stimulated neutrophils . Further study aimed at clarifying the NF-B complex activated by cerulein in pancreatic acinar cells is recommended.
In an attempt to characterize the role of ROS and the induction of NF-B activation, which is responsible for the productions of inflammatory cytokines in the acinar cells, the effects of known antioxidants such as GSH, SOD, and catalase on cerulein-induced alterations were investigated by comparing their effect with the effect of an inhibitor of NF-B activation, PDTC. In this study, antioxidant treatment at a concentration that efficiently inhibited H 2 O 2 production and blocked NF-B activation caused a decrease in cytokine expression induced by cerulein. These results suggest that antioxidants might inhibit the expression of the inflammatory cytokines by suppressing NF-B activation and/or the NF-B interaction with the upstream regulatory binding site of the cytokines such as IL-6 (Ben-Baruch et al, 1995; Wulczyn et al, 1996) . When compared with the antioxidants used in the study, PDTC showed a relatively low inhibitory effect on H 2 O 2 production caused by cerulein. PDTC is a quite potent NF-B inhibitor when compared with most antioxidants. The molecular basis of PDTC action has been attributed to its interaction with zinc (Kim et al, 1999 ) rather than its antioxidant or metal chelator activity (Bessho et al, 1994; Schreck et al, 1992 ).
In conclusion, the ROS, generated by cerulein, activates NF-B, resulting in an up-regulation of the inflammatory cytokine gene expression in pancreatic acinar cells. It is believed that NF-B inhibition by the scavenging ROS might alleviate the inflammatory response in pancreatic acinar cells by suppressing cytokine gene expression.
Materials and Methods
Isolation of Pancreatic Acinar Cells
Male Sprague-Dawley rats (150 -200 g), inbred at the Yonsei University Medical Center animal unit, were used. The acinar cells were isolated by an enzymatic digestion of the pancreas, as described by Oliver et al (1987) . The acinar cells were cultured in Ham's nutrient mixture F12 medium, with 15% fetal bovine serum, 0.1 mg/ml of soybean trypsin inhibitor (Sigma Chemical Company, St. Louis, Missouri), and streptomycin at 0.1 mg/ml and penicillin at 100 U/ml in a 5% CO 2 and 95% O 2 atmosphere. The cell viability was determined by the trypan blue dye exclusion test; more than 95% of the cells survived after 24-hour culture.
Experimental Protocol
The acinar cells were plated at a density of 10 6 /ml in a 12-well tissue culture plate (Falcon 3047; Becton Dickinson Labware, Lincoln Park, New Jersey). To determine the concentration response of the acinar cells to cerulein, the cells were treated with cerulein at concentrations ranging from 10 Ϫ11 to 10 Ϫ7 M and cultured for 3 hours. The mRNA expression of IL-6 and IL-1␤ was determined by RT-PCR. The cells were treated with cerulein at 10 Ϫ8 M and cultured for 16 hours to determine the time response of the acinar cells to cerulein. The levels of LPO, IL-6, and amylase were determined in the medium using a fluorometric assay, ELISA, and a colorimetric assay at the beginning of the experiment and after 2, 4, 6, 8, and 16 hours of culture. The H 2 O 2 levels were determined in the medium using a colorimetric assay after 16 hours of culture. The changes in the IL-6 and IL-1␤ mRNA expression were monitored by RT-PCR for 3 hours with a 1-hour interval. The time response of the acinar cells to cerulein (10 Ϫ8 M) for NF-B activation and IB␣ degradation was observed for 3 hours and determined by an electrophoretic mobility shift assay (EMSA) and Western blot analysis.
To investigate the effect of antioxidants and PDTC, the cerulein-treated (10 Ϫ8 M) acinar cells were cultured in the absence (Control) or the presence of GSH (1, 5, and 10 mM), SOD (1000 U/ml), catalase (1000 U/ml), or PDTC (10, 50, and 100 M). The IL-6, H 2 O 2 , and amylase levels were determined in the medium after 16 hours of culture. Cytokine mRNA expression was determined in the acinar cells after 3 hours of culture. NF-B activation was observed by EMSA after a 30-minute incubation. The culture times for determining the IL-6 protein level, cytokine mRNA expression, and NF-B activation were decided based on the time-response experiments of the acinar cells to cerulein in this study. Before the experiment, the ability of cerulein to produce ROS in the acinar cells was determined using a DCF diacetate dye with flow cytometry, as described below.
In addition, to determine the possible interaction of the antioxidants and PDTC with cerulein-induced signaling, the Ca 2ϩ signal was monitored in the pancreatic acinar cells treated with cerulein (10 Ϫ8 M) in the presence or absence of GSH (5 mM), SOD (500 U/ml), catalase (1000 U/ml), or PDTC (50 M). Finally, changes in the IL-6 level in the medium were observed before and after the removal of the antioxidants and PDTC from the cells treated with cerulein to determine the reversibility of the inhibitory effects of the antioxidants and PDTC on the cerulein-induced IL-6 production. Briefly, GSH (10 mM), SOD (1000 U/ml), catalase (1000 U/ml), or PDTC (100 M) were added to the cells for 16, 8, or 4 presence of cerulein for 8 and 4 hours, the cells were exposed only to cerulein without the drugs and cultured for a further 8 and 12 hours. The total culture period for all the cells was 16 hours in the presence of cerulein, but with a different exposure period to the antioxidants and PDTC. The IL-6 levels were determined in the medium.
Flow Cytometric Assay Using DCF Diacetate
The intracellular ROS was measured using the method reported by Bass et al (1983) . Briefly, the acinar cells were plated at a density of 10 6 /ml in a 12-well tissue culture plate and treated with cerulein at a concentration of 10 Ϫ8 M or without cerulein in the presence or absence of GSH (10 mM) for 30 minutes. The incubation time commenced from the time of NF-B activation after cerulein treatment in this study. The cells were washed with the culture medium without phenol red and incubated in Krebs-Ringer solution containing 50 M DCF diacetate in the dark for 5 minutes. DCF diacetate is a nonpolar compound that diffuses rapidly into the cells, where it hydrolyzes to the fluorescent polar derivative DCF, which is a reduced form. In the presence of a proper oxidant, the reduced form of DCF is oxidized to the highly fluorescent DCF. ROS generation was detected as a result of the oxidation of the reduced DCF in the cells using flow cytometry at 488 nm excitation and 515 nm emission. For the purpose of a visual comparison using a population histogram, each preparation was recorded at a single amplification setting of the photomultiplier gain.
RT-PCR Analysis for IL-1␤ and IL-6
IL-1␤ and IL-6 mRNA expression was assessed using RT-PCR standardized by coamplification with the housekeeping gene ␤-actin, which served as an internal control. The total RNA was isolated from the cells, treated with or without cerulein in the presence or absence of the antioxidants (GSH, SOD, catalase) or PDTC using the guanidine thiocyanate extraction method (Chomczynski and Sacchi, 1987) . The total RNA was reverse transcribed into DNA and used for PCR with rat-specific primers for the cytokines (IL-1␤ and IL-6) and ␤-actin. The sequences of the IL-1␤ primers were 5'-TCCTAGGAAACAGCAATGGTCG-3' (forward primer) and 5'-TTCATCCCATACACACGGA-CAAC-3' (reverse primer), giving a 363-bp PCR product. The sequences of the IL-6 primers were 5'-CTGGTCTTCTGGAGTTCCGTTTC-3' (forward primer) and 5'-CATAGCACACTAGGTTTGCCGAG-3' (reverse primer), giving a 301-bp PCR product. For ␤-actin, the forward primer was 5'-ACCAACTGGGACGACA-TGGAG-3' and the reverse primer was 5'-GTGAGG-ATCTTCATGAGGTAGTC-3', giving a 349-bp PCR product (Nakajima-lijima et al, 1985) . Briefly, the PCR was amplified by 32 repeat denaturation cycles at 95°C for 30 seconds, annealing at 60°C for 30 seconds, and extension at 72°C for 30 seconds. During the first cycle, the 95°C step was extended to 5 minutes. The PCR products were separated on 1.5% agarose gels containing 0.5 g/ml of ethidium bromide and visualized by UV transillumination.
Determination of IL-6 , LPO, H 2 O 2 , and Amylase
The LPO, IL-6, and amylase levels in the medium were determined at the indicated time point. The H 2 O 2 level was determined in the medium after a 16-hour culture. IL-6 level was determined using ELISA kits (R&D System, Minneapolis, Minnesota). The LPO was measured as a thiobarbiturate reactive substance with a spectrofluorometer (SPF-500C; SLM Instruments, Urbana, Illinois) at 515 nm excitation and 553 nm emission (Yagi, 1976) . The H 2 O 2 level was determined using the method reported by Thurman et al (1972) . The amylase levels in the medium were assessed and are expressed as IU/ml (Bernfeld, 1955) .
NF-B Activation in Acinar Cells
To determine the time response of the acinar cells for NF-B activation, the acinar cells were seeded at 5 ϫ 10 6 cells onto a 10-cm culture dish and treated with cerulein (10 Ϫ8 M) for 3 hours. A 30-minute stimulation was used to evaluate the effects of the antioxidants or PDTC on NF-B activation because NF-B activation was shown to be highest at 30 minutes. For the EMSA, the nuclear proteins were extracted from the acinar cells treated with or without cerulein in the presence or absence of the antioxidants (GSH, SOD, catalase) or PDTC, and an EMSA was performed according to the method reported by Dignam et al (1983) . Briefly, the nuclear proteins were incubated with 32 P-labeled DNA corresponding to the NF-B binding site of the igk gene (GATCGAGGGGGACTTTCCC TAGC; Santa Cruz Biotechnology, Santa Cruz, California) and poly(dI-dC) (Boehringer Mannheim, Indianapolis, Illinois). The mixtures were loaded onto a nondenaturing polyacrylamide gel and exposed to radiography film for 6 to 18 hours at Ϫ70°C. Quantitation of the NF-B-DNA binding activity was estimated using densitometry for the radioactivity of 32 P in the NF-B band. The control value was set to 100%.
Western Blot Analysis for IB␣ in Acinar Cells
For the time response of the acinar cells for IB␣ degradation, the acinar cells were seeded at 5 ϫ 10 6 cells onto 10-cm culture dish and treated with cerulein (10 Ϫ8 M) for 3 hours. At the indicated time points, the cells were homogenized in Tris-HCl (pH 7.4) buffer containing 0.5% Triton X-100 and a protease inhibitor mixture (Boehringer-Mannheim). The protein concentration was measured using the method reported by Bradford (1976) . Cellular protein (100 g) was loaded per lane, separated by 8% SDS-PAGE under reducing conditions and transferred onto nitrocellulose.
Measurement of Intracellular Ca
2؉
The free cytosolic concentration of Ca 2ϩ was measured using Fura-2 (Molecular Probes, Eugene, Oregon) (Lee et al, 2000) . Briefly, the Fura-2-loaded acinar cells were plated on coverslips forming the bottom of a perfusion chamber. After 2 to 3 minutes of incubation, the cells were superfused with a standard perfusate containing 140 mM NaCl, 5 mM KCl, 1 mM MgCl 2 , 1 mM CaCl 2 , 10 mM D-glucose, and 10 mM HEPES (pH 7.4). The cells were then perfused with standard perfusate containing the antioxidants (5 mM of GSH, 500 U/ml of SOD, 1000 U/ml of catalase) or 50 M of PDTC. The Fura-2 fluorescences excited at 350 nm and 380 nm were measured using a photon counting system (PTI Delta Ram, Monmouth Junction, New Jersey).
Statistical Analysis
The statistical differences were determined using oneway ANOVA and Newman-Keul's test (Zar, 1984) . All values are expressed as means Ϯ SE. A p value less than 0.05 was considered statistically significant.
